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ABSTRACT 
Ivette Landrian Daly: Management of Traumatically Luxated Permanent Teeth: A Retrospective 
Study  
(Under the direction of Lorne D. Koroluk)  
 
The International Association of Dental Traumatology guidelines state that teeth must be 
repositioned after luxation injuries, however, the specific method of repositioning has not been specified. 
The purpose of this study was to compare pulpal and periodontal outcomes of digitally and 
orthodontically repositioned incisors following extrusive and lateral luxation.  
The study sample was comprised of 80 (32 females, 48 males) subjects with 126 teeth treated for 
lateral and extrusive luxation injuries. Forty-one teeth were orthodontically repositioned, 67 teeth digitally 
repositioned and 18 teeth had mixed treatment. Overall, 35.7% of the teeth required follow up endodontic 
treatment. Follow up treatment was required in 19.5% of the orthodontically repositioned teeth, 40.3% of 
the digitally repositioned teeth and 55.6% of the mixed treatment teeth. There was a statistically 
significant difference in the frequency of follow up endodontic treatment between the three groups; the 
orthodontically repositioned teeth required less intervention (p=0.02).
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 1  
REVIEW OF THE LITERATURE 
Epidemiology of Trauma 
Traumatic dental injuries (TDIs) are common in preschool, school-age, and young adults, 
comprising 5% of all injuries requiring treatment (1,2). A 12-year literature review on dental 
trauma reports that 25% of all school age children experience dental injuries and 33% of adults 
have had an injury to a permanent tooth, most commonly before 19 years of age (3). Of these 
injuries, fractures and luxations are the most common (3). Overall, the relative frequency of 
these injuries decreases with increasing age (4). 
Males experience more dental trauma to the permanent dentition than females, and 
simple crown fractures are the most common type of injury to the permanent dentition (5). There 
is a significant difference in the distribution of dental trauma in males versus females.  Males 
have almost double the frequency of dental trauma when compared to females, ranging from 1.3-
2.7:1 (5,9).  
The reported prevalence of dental trauma is  highly variable among different studies due 
to factors such as trauma classification, dentition involved (primary vs. permanent), and 
geographical and behavioral differences (5).   
Some studies report dental trauma as injuries that require treatment, reported as 4-5% 
(6,7) while others report dental trauma in school children as high as 35.5 % depending on the age 
group or geographical location (3,7). In all of these studies, maxillary central incisors were the 






Overall, the most common type of injury in the permanent dentition is an uncomplicated 
crown fracture without pulp exposure (4,5,9,10). Luxation injuries are more common in the 
younger age groups with primary dentition (5). Crona-Larsson et al. examined 108 children with 
luxation injuries and determined that subluxations were the most common luxation injury across 
all age groups (8), followed by extrusions (5.5-7.4%) and lateral luxation (5.7-13%) relative to 
age group (8). Other studies vary in their prevalence of luxation injuries but this is because they 
are looking at all types, age groups, and injuries not just luxation. Studies  investigating all types 
of trauma, including crown fractures, reported lower prevalence for extrusive and lateral luxation 
injuries (5,9,10). The majority of studies report that intrusions are the least common type of 
luxation injury (4,5,9,12). Lauridsen et al. also reports that 1/3 of all traumatized teeth have a 
combination of luxation and fracture injuries (4).  
It is difficult to determine prevalence of TDIs when there is such variability in study 
designs as well as inclusion/exclusion criteria. Some studies are retrospective while others are 
cross sectional, and other studies look at different age groups, gender or populations, or use 
different classifications of trauma.  
Classification of Trauma 
There are numerous systems available that use factors such as etiology, anatomy, and 
pathology to classify dental trauma. The first classification of anterior tooth trauma was by 
Sweets in 1955, and this system was based on anatomy and morphology of the tooth (13). G.E 
Ellis created his universal classification system in 1970 which incorporated more subjective 
terms for trauma, such as “simple” and “extensive” (13). In 1981, Andreasen developed a more 
comprehensive classification of dental injuries that is still used today. The Andreasen 





and pulp, periodontal tissue, and gingiva and oral mucosa (5,13). In 1978, the World Health 
Organization (WHO) developed an international classification of injuries to internal structures 
with less subjective interpretations that was then modified in 1994 (5,13). The WHO 
classification includes injuries to teeth, supporting structures and soft tissue based on dental 
anatomy, and injury prognosis in both permanent and primary dentition (13). Luxation injuries, 
which were once grouped together, were divided into lateral, intrusive, and extrusive luxation 
injuries (5,13). An overview in the International Archives of Integrated Medicine describes over 
25 different classifications of dental trauma, which can explain the large variability in published 
research studies.  
This literature review will focus on luxation injuries, including extrusive, lateral, and 
intrusive luxation. The International Association of Dental Traumatology (IADT), which is 
based on extensive review of the literature and discussions among expert clinicians and 
researchers, developed trauma guidelines with current findings, treatment, and follow up 
recommendations for all types of TDI (6). Extrusive luxation is defined as a partially displaced 
tooth that appears elongated and is excessively mobile (2,6,14,15). A laterally luxated tooth is a 
partially displaced tooth in a non-axial direction. The displacement is accompanied by a fracture 
of the alveolar bone and no mobility of the tooth.  (2,6,14,15). With intrusive luxations a tooth is 
displaced axially into the alveolar bone.(2,14–16). 
Management of Luxation Injuries 
While the IADT guidelines state that luxated teeth need to be repositioned in the socket, 
the specific method of repositioning is not described for extrusive and lateral luxation injuries. 
The treatment protocol states that for extrusive luxation injury, the tooth should be gently 





lateral luxation injuries often involve an alveolar fracture, digital pressure or forceps must be 
used to disengage the tooth from its bony lock and it must be repositioned gently into the socket 
followed by a 4 week stabilization period with a flexible splint (6,14). In both lateral and 
extrusive luxation injuries, follow up appointments should be made every 2 weeks for the first 2 
months (2, 4, 6-8 weeks), at 6 months and 1 year post trauma, and then annually.(6,14). If 
symptoms of pulp necrosis develop, endodontic therapy is indicated. Teeth with immature roots 
that develop pulpal necrosis may need pulp revascularization or apexification while teeth with 
complete root formation may need conventional root canal therapy(6). 
Intrusive luxation, the most severe luxation injury, can be treated with spontaneous 
eruption, orthodontic reposition, or surgical reposition(2,6,15).  The selection of either of these 
three options is dependent on the degree of intrusion and the development of the root apex (open 
vs. closed). In teeth with incomplete root formation, eruption must be allowed without 
intervention for the first few weeks following trauma (6). If no extrusion occurs, orthodontic 
repositioning should be the next step (6). However, if the traumatized tooth is intruded 7mm or 
more, orthodontic or surgical repositioning must be considered (6). For teeth with complete root 
formation, spontaneous re-irruption should only be considered if intrusion is 3mm or less(6). 
Surgical repositioning should be considered when intrusion is 7mm or more (6). Teeth with 
intrusive luxation injuries should be stabilized with a flexible splint for 4-8 weeks and monitored 
for symptoms of pulpal necrosis(6). Andreasen et al. found that the most significant factor 
related to survival after an intrusion injury is the stage of root development such that teeth with 
immature roots have less risk of complication (17). Concomitant crown fractures also had a 
negative impact on tooth survival (18). The severity of intrusion has a significant impact on tooth 





eruption of immature teeth has been reported to have the most favorable outcome while active 
repositioning in teeth with immature roots had a negative effect (17,21). 
Treatment options for intrusive luxation injuries have been debated over the years. 
Several studies have attempted to compare these treatment modalities to determine the clinical 
protocol with the best outcome. Tsilingaridis et al. stated that no firm conclusion could be made 
between orthodontic and surgical reposition and that prognosis was mainly based on root 
development and severity of intrusion (18,20). A 2017 meta-analysis determined that there was 
no significant difference in treatment options for teeth with mature roots; however, teeth with 
immature roots had a better prognosis when spontaneous re-eruption was allowed to occur (22).  
Types of Fixation (Splints) 
The IADT recommends short term, flexible splints for luxated teeth; however, the type of 
splint is not specified because studies have shown that the type and duration of splints are not 
related to healing outcomes (6). A study by Chung et al. found that the incidence of ankylosis 
was three times higher with wire and composite splints when compared to suture splints in 
autotransplanted teeth (23). This study demonstrates the importance of flexible splints to allow 
for physiological movement after dental trauma (6,24,25). Berthold et al. concluded that 
periodontal healing was unaffected by the splinting duration after reimplantation of avulsed 
teeth(26). Andreasen et al. found that after 1 week, splinted teeth had acceptable stability 
suggesting that shorter splint durations may be indicated (27).  
 A review of splints by Kahler et al. suggests that splints should comply with the 
following requirements(25) :  
1. Allow periodontal ligament reattachment and prevent further trauma 





3. Stabilize in correct position and maintain during entire splinting period  
4. Allow physiologic tooth mobility  
5. Minimize soft tissue irritation  
6. Allow pulp vitality testing and endodontic access  
7. Allow adequate oral hygiene  
8. Prevent occlusal interference  
9. Provide aesthetic appearance  
10. Provide patient comfort  
This same study reviewed current common types of splints. Composite and wire splints 
with a round flexible wire is the most commonly used splint(25). Orthodontic wire and bracket 
splints with 0.014 NiTi wires are commonly used for intrusion injuries or teeth that require 
repositioning (25). Other flexible splints include composite and fishing line splint, fibre splints, 
and titanium trauma splints. The fibre splint is composed of polyethylene or Kevlar fibre mesh 
with resin(25). Andreasen et al. found that fibre splints had the most favorable healing when 
evaluating root fractured teeth (28). Titanium trauma splints are made of 0.2mm thick by 2.8mm 
wide rhomboid mesh cemented with flowable or resin composite(25). Berthold et al. determined 
that composite and wire splint and titanium trauma splints were both flexible splints; however, 
titanium trauma splints are relatively more costly(25,29). Increased length of wire affects 
rigidity; therefore, it is recommended that only one unaffected tooth adjacent to the traumatized 
tooth/teeth be included in the splint(25,29). 
Follow Up Period 
Through an extensive prospective clinical outcome study of luxation injuries, Andreasen 





necrosis (PN) was commonly diagnosed within the first year after trauma while pulp canal 
obliteration (PCO) was diagnosed after 1 year(30–33). Robertson et al. agreed with the need for 
longer follow up periods for the following reason (34):  
1. Endodontic treatment on young roots can lead to cervical root fractures 
2. Roots with total PCO have higher technical failures 
3. 60% of teeth with PCO have no sensibility reaction to pulp testing at the time of the 
injury  
4. Not all teeth with PCO become discolored 
5. The risk of PN increases over time 
Loss of pulpal sensitivity between the time of injury and up to 2 months after injury is 
common. However, as high as 87% of teeth with initial loss of sensitivity  showed pulpal healing 
(12). Current recommendations suggest that luxation injuries be followed for the first 5 years to 
monitor pulpal and periodontal health to ensure the survival of the tooth (6). 
Clinical Outcomes 
Similar to epidemiology studies, outcome studies for luxation injuries have significant 
differences in study design including population age, geographical location, type of dentition, 
treatment techniques, type of injury, and criteria for diagnostic complications. Because of the 
variability in study designs, some studies were retrospective with larger sample size while other 
studies were prospective longitudinal or even cohort studies with much smaller sample sizes; the 
outcomes reported were not always in agreement. The aim of most early studies was to identify 
the most common complications of luxation injuries, establish at what point during the follow up 





incidence of the complications (12,21,30-37). With this information, early research hoped to 
establish better guidelines for treatment and follow up duration.  
 Pulpal Healing  
In the late 1980s, Andreasen et al. analyzed 400 patients prospectively with 637 luxated 
teeth (including concussion, subluxation, extrusion, lateral luxation, and intrusion) and 414 non-
injured control teeth for up to 10 years (33). In these studies, the following conclusions were 
found (31–33);  
1. Pulpal necrosis (PN) was the most common complication of luxation injuries  
• PN was commonly diagnosed within the first year, usually the first 3 months, 
and up to 2 years after lateral and intrusive luxation   
2. There was a significant relationship between the stage of root development and the 
risk of PN  
3. Pulp canal obliteration (PCO) was the second most common type of complication in 
luxation injuries 
• Severe displacement trauma often led to PN only while mild to moderate 
injuries led to both PCO and PN  
• PCO was often diagnosed one year after luxation injuries  
4. PN due to PCO was uncommon and only 1% of teeth that were diagnosed with PCO 
developed PN later.   
5. Rate of pulp necrosis was higher in intrusion injuries than other displacement injuries  
6. Inflammatory root resorption (IRR) was less common  
From these conclusions, Andreasen et al. determined that longer follow up is needed as 





Subsequent studies evaluated outcomes of luxation injuries and found similar conclusions (8,38–
41).  
Robertson et al. concluded that pulpal survival was higher in teeth with open (immature) 
apices that were not displaced (concussion and subluxation injuries) (42). This study also found 
that PCO was more common in teeth with immature (open apex) root formation (42). The 
revascularization and re-innervation of a damaged pulp after injury leads to PCO (43). Pulp 
vitality is needed for PCO to develop, and therefore, teeth with severe trauma only develop PN.  
In 2003 a series of  prospective longitudinal studies  with sample sizes ranging from 26 to 
42 patients(19,36,37) presented clinical outcomes  for extrusions, lateral luxations, and 
intrusions. The second study in the series looked at patients with extrusive luxations with a 
minimum of 1 year follow up(37). Lee et al. concluded that PN was the most common 
complication with an incidence of 43% during the first 12 months after trauma (37). This study, 
unlike Andreasen’s did not find statistical significance between PN and stage of root 
formation(33,37). PCO was the second most common complication with an incidence rate of 
35% and a statistically significant association with the degree or severity of extrusion(37). The 
third paper in the series by Nikou et al. focused on clinical outcomes of lateral luxation injuries 
(36). This longitudinal study followed 42 patients for a minimum of 6 months and found that PN 
(40%) and PCO (40%) were the most common healing complications of lateral luxations (36). 
However, this study differs from Andreasen in that it did not find a significant relationship 
between luxation injuries and root development or severity of injury(33,36). A similar study on 
extruded teeth found that pulp necrosis had an incidence of 43% (21). Quin et al. also concluded 
that stage of root development and type of injury affect pulpal healing; however, only 16% of 





PCO while 66% of luxated teeth developed PN (12). These all differ from Andreasen’s studies 
which concluded that that 15% of luxated teeth developed partial PCO and only 1% developed 
complete PCO (31). The rate of pulp necrosis in intrusive luxation, the most severe type of 
luxation injury, was as high as 66.7% (44).  
Periodontal Healing  
Other complications subsequent to luxation injuries include periodontal healing 
complications, external root resorption (repair related), tooth discoloration, marginal bone loss, 
inflammatory root resorption (infection related), and replacement resorption (ankylosis-related 
resorption). Studies found that 22 % of luxation injuries had discoloration, and external 
resorption ranged from 15-30% (12,35,45). Crona-Larson et al. found that there is a higher risk 
for external root resorption (ERR) in extrusion; however, as high as 76% of these heal 
spontaneously (12). In mature roots with extrusive luxation, which have higher risk of 
periodontal complications compared to immature roots, there was 15.6% incidence of external 
resorption, 5.1% inflammatory resorption, and 17.5% marginal bone loss(45).  
 A different study by Hermann et al. found that lateral luxation injuries had a greater risk 
for external resorption(45). Teeth with mature roots and lateral luxation injuries had an incidence 
of 29.5% external root resorption, 2.6% inflammatory resorption, and 6.9% marginal bone loss. 
Replacement resorption (ankylosis-related) was found to be 0.8% in mature teeth with lateral 
luxation (45). In this study, marginal bone loss had an incidence of 6.9% in luxated teeth with 
mature apices (no marginal bone loss was diagnosed on teeth with immature roots) (45).  
Hermann et al. reported that the rate of periodontal complications was low and can be diagnosed 





It is important to note the differences in these study designs that may account for these 
disagreements. The study design varied from prospective to prospective longitudinal studies. 
There was a significant difference in sample sizes and population studied. Some studies 
evaluated pediatric patients only while others focused on traumatized teeth in all ages. The 
studies in the 3-part series (36,37.) were the first to utilize a sample of only pediatric patients. 
Andreasen, among others, grouped luxation injuries together while the studies in the 3-part series 
investigated the individual type of luxation injury. Classification and diagnosis is important 
because, often times, extrusions can be misdiagnosed for lateral luxations. It is also important to 
note that studies published between the 1980s and early 2000s did not follow the same treatment 
guidelines and the current IADT guidelines were not available at that time which may have led to 
differences in the management of luxation injuries. Each type of luxation trauma is treated 
differently and may influence the incidence of pulp necrosis. A retrospective study by Bucher K 
et al. reported lower rates of complications when treatment of traumatized teeth followed the 
IADT guideline(41). Bucher K. also reported that the majority of complications were detected 
within the first 6 months(41).  
Factors That Affect Healing Outcomes 
A longitudinal outcome study identified factors that relate to the survival rate and healing 
of traumatized incisors following lateral and extrusive luxations(38,43). These factors include 
(43) the following:  
• Stage of root development (mature vs immature apices) 
• Type of luxation injury  






• Presence of concomitant crown fractures  
• Type of reduction procedure  
• Fixation period 
• Delayed treatment  
A literature review by Andreasen revealed that apical development of the injured tooth 
and concomitant crown fractures have an effect on the pulpal response of that tooth (43,46). The 
following conclusions can be made on the following factors(43):  
Stage of root development (mature vs immature apices) 
• For every type of luxation injury, teeth with complete roots have greater risk of PN  
• PN is significantly related to the diameter of the apical foramen – the smaller the 
diameter, the greater the risk of PN  
• PCO was diagnosed more frequently in teeth with incomplete root formation than 
those with mature apices.  
Type and extent of luxation injury (mild <2mm, severe >2mm) 
•  The risk of PN increases with increased severity of injury (concussion/subluxation < 
extrusion < lateral luxation < intrusion)  
• Severity of trauma is related to risk of PCO - Displacement injuries (lateral, extrusive, 
and intrusive luxations) had greater incidence of PCO than concussions and 
subluxations  
• The higher the degree of intrusion (0-3mm vs. >7mm), the higher the risk of PN  
Concomitant crown fractures  
• There is a higher risk of PN in teeth that have both luxation and crown fractures 





Bucher et al. found that teeth with combined injuries had a 1.5 times greater risk of 
complications than tooth fractures alone (41). Lauridsen et al. found that luxated teeth with 
immature roots had a 4.7% risk of developing PN while those with concomitant uncomplicated 
crown fractures (no pulp exposure) had 40% risk (46). Similarly, luxated teeth with mature roots 
had a 65.1% risk of PN while those with concomitant uncomplicated crown fractures had a 93% 
risk of developing PN (46).   
Type of reduction  
No studies on reduction procedures were found except for intrusive luxation where 
spontaneous extrusion, orthodontic intrusion, and surgical extrusion were analyzed. Spontaneous 
extrusion had better healing outcomes; however, there were no significant differences in 
orthodontic vs surgical reduction (18).  
Types of Root Resorption 
 Inflammatory root resorption is defined as the colonization by multinucleated cells of the 
mineralized predentin in the root canal or the denuded root surface due to mechanical damage of 
precementum (47,48). Inflammatory resorption is further categorized into internal root resorption 
(on the wall of the root canal) or external root resorption (external surface of the root) and may 
be transient or progressive (47). Transient root resorption is a resorptive process that lasts 
approximately 2-3 weeks and has minimal clinical importance and the defect is too small to be 
detected radiographically (47,48). Progressive inflammatory resorption occurs with additional 
stimulation of the resorbing cells (47,48). This stimulation can be mechanical as seen in root 
fractured teeth, pressure related as seen by tumors, or infection related microbial stimuli form the 






Internal Root Resorption (IRR) 
 IRR is characterized by the loss of dentin as a result of clastic cells in the root canal and 
is stimulated by necrotic pulp tissue coronally to the resorptive area, while vital tissue remains 
apically (47,49). There are two categories of internal root resorption (49)  
  Internal root canal inflammatory resorption  
Associated with granulation tissue in the resorption area and radiographically 
appears as radiolucent zone at the center of the root canal (49).  
Internal root canal replacement resorption  
Associated with concomitant deposition of bone like tissue in the resorptive 
defect. Radiographically presents with enlarged pulpal space with partially or 
fully obliterated pulp chamber (49).  
IRR stops once the pulp canal is completely non-vital (47). The resorbing cells are pulpal 
and therefore, root canal treatment is indicated to remove granulation tissue and blood supply to 
these clastic cells (48,49).  
External Root Resorption (ERR) 
 ERR is initiated by trauma to the precementum that denudes the root surface and the 
resorptive process is stimulated by pulpal bacteria (47,48,50). Treatment cannot target localized 
resorbed areas, therefore, removing the pulpal bacteria from the dentinal tubules will eliminate 
the inflammatory response and arrest the resorption (48,50). Calcium hydroxide is the intracanal 
medicament of choice due to its strong antibacterial effect (48). ERR is further divided into 3 







Progressive inflammatory resorption 
This type of external resorption is related to an orthodontic or endodontic 
problem. The infection related endodontic problem is often seen in teeth with 
apical periodontitis exhibiting apical resorption (48). Root canal therapy will halt 
the resorption process.  
Orthodontically treated teeth undergo apical resorption due to tissue 
pressure. CwYk et al. found that 28.8 % of orthodontically treated incisors 
underwent some degree of apical resorption compared to 3.4% of the control 
group (51).  Orthodontic pressure root resorption is treated by removing the 
pressure (50).  
Displacement injuries and the repositioning procedures cause mechanical 
trauma (denuding of root surface) which leads to external root resorption as well 
as disruption of blood vessels and ischemic pulp necrosis (48). Infection will 
begin in the root canal within 2-3 weeks and will sustain resorption at the root 
surface (48).  
Root canal treatment arrests ERR by the removal of the infection in the 
root canal sustaining the surface resorption (48).  
Cervical resorption 
Often misdiagnosed as internal root resorption, this is seen 
radiographically as a single resorption lacuna at the cervical area below the 
epithelial attachment of the tooth following trauma to the cervical attachment 






Replacement resorption (ankylosis) 
Ankylosis occurs following extensive necrosis of the periodontal ligament 
and formation of bone in the denuded root surface (48). This resorption often 
develops following intrusive luxation or avulsion injuries where the tooth is 
completely displaced out of the sockets and the cells are exposed to the extraoral 
environment for an extended period (48,50). Replacement resorption is a 
remodeling process where the osteoclasts are the resorbing cells that replace the 
root cementum with bone (48). These teeth are immobile, present with a metallic 
percussion sound, and lack a periodontal ligament space (50). If less than 20% of 
the root is involved, ankylosis may be reversed (50). There is currently no 
treatment for ankylosis.  
Conclusion  
Digital pressure has been used historically to reposition teeth in the socket after extrusive 
and lateral luxation.  Recently, orthodontic reposition has been suggested as an alternative to 
gently and gradually repositioning these displaced teeth using light forces to minimize potential 
damage to the periodontal membrane and pulp. To our knowledge, there is no literature reporting 
clinical outcomes and complications using orthodontic reposition for reduction and splinting of 
lateral and extrusive luxation. There are no studies directly comparing digital pressure versus 
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MANAGEMENT OF TRAUMATICALLY LUXATED PERMENANT TEETH: A 
RETROSPECTIVE STUDY  
 
Introduction 
Luxation injuries are more common in the primary dentition (1,2) and include 
concussion, subluxation, extrusive luxation, lateral luxation, intrusive luxation, and avulsion 
injuries. Subluxations are the most common luxation injury across all age groups (3), followed 
by extrusions (5.5-7.4%) and lateral luxation (5.7-13%) relative to age group (3). Lauridsen et al. 
also reports that 1/3 of all traumatized teeth have a combination of luxation and fracture injuries 
(4). The reported prevalence of dental trauma is  highly variable due to factors such as trauma 
classification, dentition involved (primary vs. permanent), geographical and behavioral 
differences (1).   
Extrusive luxation is defined as a tooth that appears elongated and is excessively mobile 
(5-8). With lateral luxation a tooth is displaced in a non-axial direction, and in some cases occurs 
with a  fracture of the alveolar bone (5-8). The International Association of Dental Traumatology 
(IADT), using an extensive review of the literature and discussions among expert clinicians and 
researchers, developed trauma guidelines for describing findings, treatment, and follow up 
recommendations for every type of TDI (6). 
While the IADT guidelines state that luxated teeth need to be repositioned in the socket, 
the specific method of repositioning is not described for extrusive and lateral luxation injuries 
like they are for intrusive luxations. Because intrusive injuries are the most severe type of 





extensively analyzed compared to lateral and extrusive luxations. This investigation will focus 
on the later type of TDI.  
The treatment protocol for extrusive luxation injury states that, the tooth should be gently 
re-repositioned  into the socket and stabilized for 2 weeks with a flexible splint  In both lateral 
and extrusive luxation injuries, follow up appointments should occur every 2 weeks for the first 2 
months (2, 4, 6-8 weeks), at 6 months, and 1 year post trauma, and then annually(6,7). If 
symptoms of pulp necrosis develop, endodontic therapy is indicated. Teeth with immature roots 
that develop pulpal  necrosis may need pulp revascularization or apexification while teeth with 
complete root formation may need conventional root canal therapy (6). 
No studies on reduction procedures for lateral or extrusive luxation injuries have yet been 
published. Digital pressure has been used historically to reposition teeth in the socket after 
extrusive and lateral luxation. More commonly, orthodontic repositioning after luxation is used 
in cases where treatment has been delayed or when a blood clot blockage prevents repositioning 
(9,10). Recently, orthodontic repositioning has been suggested as an alternative to gently and 
gradually reposition displaced teeth using light forces to minimize potential damage to the 
periodontal membrane and pulp at the time of injury. To our knowledge, there is no literature 
reporting clinical outcomes and complications using orthodontic repositioning for the reduction 
and splinting of laterally and extrusively luxated teeth. Nor are there studies directly comparing 
digital repositioning versus orthodontic repositioning. Given the frequency of lateral and 
extrusive luxation injuries in the permanent dentition, clinicians would benefit from a better 
understanding of the clinical outcomes when orthodontically or digitally repositioning teeth after 





outcomes of digitally and orthodontically repositioned incisors following extrusive and lateral 
luxation injuries. 
Materials and Methods 
The protocol for this study was reviewed and received approval from the Institutional 
Review Board at the University of North Carolina, Chapel Hill, NC (IRB # 18-0749). The study 
sample included all patients under the age of 20 years of age who were treated for lateral 
luxation and extrusion injuries at the University of North Carolina, Department of Pediatrics, 
Chapel Hill, North Carolina and patients treated at the Durham Pediatric Dentistry and 
Orthodontics, Durham, North Carolina during the period 2000 to 2018. Consecutive records 
were screened and obtained from the UNC Pediatric dental clinic electronic patient record (EPR) 
and dental charts from the Durham Pediatric Dentistry and Orthodontics office. Patients were 
included in the study if they met the following criteria:  
1. A permanent anterior tooth that suffered a lateral or extrusive luxation injury. 
Extrusive luxation was defined as a partial or total separation of the periodontal 
ligament that results in displacement in an axial direction. Lateral luxation 
was characterized by partial or total separation of the periodontal ligament and 
displacement of the tooth in any direction other than axial.  
2. Digital or orthodontic repositioning at the first emergency appointment. Digital 
repositioning was characterized by manual reduction and splinting of teeth. 
Orthodontic reposition was characterized by bonding of brackets to allow slow 
repositioning of tooth into the socket with flexible orthodontic wires.  





4. Tooth-specific clinical information at initial and follow up appointment as well as 
radiographs at follow up appointments. 
Clinical Registration  
An emergency log kept by the pediatric residents at the University of North Carolina was 
used to identify patients with lateral and luxation injuries of permanent teeth. The following 
parameters were registered from the patient chart: gender, age, date of injury, time between 
trauma and initial emergency appointment, number of injured teeth, root development, type and 
severity of trauma, concomitant injuries, initial treatment (digital or orthodontic repositioning), 
follow up time, pulpal and periodontal complications, and type of follow up treatment.  
The Moorrees classification was used to determine stage of root development on 
radiographs (11). Teeth were designated as “mature” when the root was fully developed with a 
closed apex.  Treatment delay was registered as the number of hours between trauma incident 
and emergency dental treatment.  
Treatment 
Teeth were assigned to one of three groups: digital or orthodontic repositioning. Any 
tooth that had been manually reduced and splinted was designated as digital reposition. When 
orthodontic brackets (twin or self-ligating) were used to reposition the tooth in the socket with no 
manual reduction, this was categorized as orthodontic reposition. Cases where digital pressure 
was required to get a tooth out of traumatic occlusion or where digital pressure was attempted 
first without success before bonding brackets to reposition the tooth were categorized as mixed 
treatment. Any tooth that was treated with a mixture of manual reduction and orthodontic 






Diagnostic criteria and outcomes 
 The pulpal and periodontal diagnosis was gathered from the clinician diagnosis and 
radiographs in patient charts. Any endodontic treatment was recorded, including date of 
endodontic treatment if any was required. Clinical diagnosis was recorded as follows:  
1. Normal pulpal and periodontal tissues 
2. Pulp Canal Obliteration  
3. Pulpal complication  
a. Apical root resorption (inflammatory resorption) 
b. Internal root resorption 
c. No response to pulpal testing  
d. Discoloration of crown  
4. Periodontal complication  
a. External root resorption  
b. Loss of periodontal attachment  
c. Replacement resorption (ankylosis) 
Statistical Methods  
 The teeth in this study were divided into three groups (digital, orthodontic and mixed 
repositioning) and analyzed separately because of the expected difference in healing potential. 
Chi-square test of independence and Fisher’s Exact Test were performed to examine 
relationships between the initial treatment and clinical outcomes. Cochran Mantel-Hansel Chi-
square test was used to stratify data for various confounding factors. For the general 





mixed repositioning was excluded and only digital and orthodontic groups were compared to 
avoid confounding factors. The significance level was set to p=0.05.   
Results 
Retrospective review of records identified 81 subjects who met inclusion criteria (32 
females, 49 males), aged 6.3 – 19.6 years. While not statistically significant, there is a greater 
number of males with luxation injuries than females. 78 patients were under the age of 18 while 
3 patients were 18 or older (mean 10.6, SD = 2.8). The subject follow up times ranged from 1 
week to 816 weeks (15.7 years) (mean = 70.2 weeks, SD = 134.4). Of these subjects, 39 had one 
traumatized tooth (48.1%), 42 had two or more traumatized teeth (51.9%), for a total of 126 teeth 
included in the study.  Of the total number of teeth, 20 were mandibular incisors (15 centrals, 5 
laterals) and 105 were maxillary incisors (82 centrals, 23 laterals). 70 teeth were diagnosed as 
lateral luxation (55.6%), 22 extrusive luxation (17.5%), and 34 (26.9%) had mixed lateral and 
extrusive luxation injuries. Table (1).  
 67 teeth were treated with digital repositioning (53.2%), 41 were treated with orthodontic 
repositioning (32.5%) and 18 teeth (14.3%) were treated with mixed digital and orthodontic 
techniques. Of the total number of traumatized teeth, 45 teeth required endodontic follow up 
treatment (35.7%). There was a significant relationship between the type of initial treatment 
(digital, orthodontic, or mixed) and the need for endodontic follow up treatment (p = 0.02). Teeth 
treated with orthodontic repositioning required less endodontic follow up treatment than digital 
or mixed repositioning techniques. 19.5% of orthodontically treated teeth, 40.3% of digitally 






Longitudinal outcome studies have identified various factors that relate to the survival 
rate and healing of traumatized incisors following lateral and extrusive luxations, including root 
development, concomitant fractures, and delayed treatment.  
Stage of Root Development  
Of the 126 traumatized teeth, 56 had immature root development with open apices 
(44.4%) and 70 (55.6%) had mature root development (closed apices). The relationship between 
root developmental stage and initial treatment was evaluated with Chi-square analysis. Mixed 
treatment was excluded. 59.7 % of digitally repositioned teeth had immature roots compared to 
only 24.4% of the orthodontically repositioned teeth. Teeth treated with digital repositioning had 
a greater number of immature teeth with open apices compared to teeth treated with orthodontic 
repositioning. There was a significant difference in distribution of root development stages in 
relation to type of initial treatment (p = 0.0004).  
35 teeth required endodontic treatment, 22 (or 62.9%) had mature roots. Though not 
statistically significant (p= 0.23), teeth with mature roots are more likely to require treatment. 
The majority of endodontically treated teeth were initially treated with digital repositioning (27 
of the 35 or 77.1 %). Of these 27 treated digitally, 59.3 % had mature roots. However, this was 
not statistically significant (p = 0.87) Table (3).  
Concomitant fractures 
Of the total 126 teeth, 60 had some type of fracture. There is a statistically significant 
difference in the distribution of fractures (p = 0.002). 38 teeth had alveolar fractures. 65.8% of 
these fractured teeth required endodontic treatment. 12 teeth had crown fractures and 33% 
required endodontic treatment. 6 teeth had root fractures and 66% required endodontic treatment. 





had crown and root fracture. Those with both crown and alveolar fractures required endodontic 
treatment. Finally, 66 teeth had no fractures and of those, 19 or (28.8%) required treatment. 
Table (4).  
While not statistically significant, the majority of teeth with fractures (76.4%) were in the 
digital repositioning group (p=0.15). 68.5% of the teeth that required follow up RCT had a 
concomitant fracture. 13 teeth had concomitant crown fractures (11 uncomplicated crown 
fractures, 2 complicated crown fractures with pulp exposure). Of these 13 teeth with crown 
fractures, 10 were digitally repositioned, and 3 were orthodontically repositioned. Of these 13, 9 
required endodontic treatment. 10 teeth had concomitant root fractures (all in the digital 
repositioning group) and 50% required endodontic treatment. 41 teeth had alveolar bone fracture 
(22 treated digitally, 10 treated orthodontically).  9 of the 22 teeth treated digitally required 
endodontic treatment (40.9%) while only 1 of the 10 teeth treated orthodontically required 
endodontic treatment (10%). Table (5).  
  Treatment Delay 
Of the 126 teeth, 73 had registered treatment delay times. 42% of data was not reported in 
the charts. 74% of the 73 teeth had treatment delays of less than 6 hours while the remainder had 
greater than 12-hour delay. The median time delay for orthodontically treated teeth was 5 hours 
while digitally treated teeth had 4.5 hour delay.  Both Fisher’s Exact test and Cochran-Mantel-
Haenszel statistic showed that there was no significant relation between treatment delay and 
initial treatment (p=0.156). Table (6). While not shown in this table, The Cochran-Mantel-
Haenszel statistic showed that there is a significant relation between treatment delay and 
endodontic follow up treatment (p= 0.01). Subjects that required endodontic follow up treatment 





treatment (median = 4 hours). When evaluating time delay in relation to endodontic treatment 
and stratified with initial treatment, the median delay time for digital was 12 hours compared to 
4.5 hours for orthodontically treated teeth.  
Endodontic Diagnosis  
 Of the total 126 teeth, 30 teeth were diagnosed at follow up appointments with PN 
(23.8%), 10 teeth with ERR (7.9%), 3 teeth with IRR (2.4%), and 2 teeth with loss of periodontal 
attachment (1.6%), all of which required RCT. Five teeth (4%) were diagnosed with PCO and 
required no further treatment, 1 tooth was diagnosed with replacement resorption and required 
extraction (0.79%).  Of the 35 teeth in the digital and orthodontic groups that required 
endodontic follow up treatment, 21 teeth (18 digital and 3 orthodontic reposition) were 
diagnosed with pulpal complications (including lack of pulpal response, apical root resorption, 
discoloration, internal root resorption) and 14 teeth (9 digital, 5 orthodontic reposition) were 
diagnosed with periodontal complications (external root resorption, loss of periodontal 
attachment, replacement resorption). There was no significant relation between endodontic 
diagnosis and the repositioning method (p=0.139). 
Discussion 
In this study, there was a statistically significant difference in the number of teeth that 
required endodontic follow up treatment (RCT) between teeth that were orthodontically and 
digitally repositioned. Fewer orthodontically repositioned teeth required RCT. Orthodontic 
repositioning has been suggested as an alternative to gently and gradually reposition these 
displaced teeth using light forces to minimize potential damage to the periodontal membrane and 
pulp. A 2015 case report discussed guidelines for traumatically injured teeth during active 





treatment, immediate repositioning with light orthodontic forces resulted in positive clinical 
outcomes(12).  More commonly, orthodontic reposition of luxations is used in cases where 
treatment has been delayed or when a blood clot blockage prevents repositioning (13,14).  
Longitudinal outcome studies have identified factors that relate to the survival rate and 
healing of traumatized incisors following lateral and extrusive luxations (15,16). The current 
study attempted to evaluate the association between various clinical factors and clinical 
outcomes.  
While not statistically significant, there is a greater number of males with luxation 
injuries than females. Previous literature shows that overall, males experience more dental 
trauma to permanent dentition than females and the relative frequency of these decreases with 
increasing age. Our study demonstrates a statistically significant difference in the age group, 
with the majority of traumatized patients being in the 6-12 year age range (p= 0.03).  
Our study had no time limit on follow up visits. The current study included all patients 
that were seen for at least one follow up visit. The follow up time ranged from 1 week to 15 
years. This allowed for the detection of pulpal and periodontal complications that may occur 
within the first month after trauma. 13 of the 45 teeth that required follow up endodontic 
treatment had an endodontic complication diagnosed within the first 4 weeks after trauma (11 
reported PN, 2 reported IRR, 1 reported ERR).  Loss of pulpal sensitivity between the time of 
injury and up to 2 months after injury is common (17). Andreasen et al. found that PN was the 
most common complication of luxation injuries and is commonly diagnosed within the first year 
and not uncommon within the first 3 months (18-20). Pulp canal obliteration (PCO) was the 
second most common type of complication in luxation injuries, often diagnosed one year after 





the first 6 months(21). Hermann et al. reported that periodontal complications can be diagnosed 
within 2 weeks and root resorption within 3 months of lateral or extrusive luxation injuries(22).   
 Stage of Root Development 
In our study there was a significant difference in the distribution of root development 
relative to the method of initial treatment. 59% of teeth treated with digital repositioning had 
immature roots while only 24% of teeth treated orthodontically had immature roots. This may 
account for a difference in intervention between orthodontic and digital repositioning. We 
compared the distribution of root development in relation to endodontic follow up treatment need 
and found that of the 35 teeth that required endodontic treatment, 22 (or 62.9%) had mature 
roots. In comparison, of the 41 orthodontically treated teeth, only 8 required follow up RCT of 
which, 5 had mature roots.  27 teeth (40.3%) of those treated with digital repositioning required 
follow up RCT and of those requiring RCT, 11 had immature roots while 16 had mature roots. 
Though not statistically significant, we can conclude that that teeth with mature roots have a 
higher need for endodontic treatment and regardless of root development, teeth digitally required 
more endodontic treatment.  
These results agree with previous studies where results show that mature teeth have 
increased risk for PN and periodontal complications that require endodontic treatment. 
Andreasen et al. reports that there is a significant relationship between the stage of root 
development and the risk of PN (18-20). PN is significantly related to the diameter of the apical 
foramen – the smaller the diameter, the greater the risk of PN (16). A systematic review found 
that PN is less common in immature teeth with lateral luxation (17.5%) (23).  Robertson et al. 
concluded that that PCO was the most common complication in teeth with immature (open apex) 






Of the 35 teeth digitally and orthodontically repositioned teeth that required endodontic 
follow up treatment, 68.5 % had a concomitant fracture (9 crown fractures, 5 root fractures, and 
10 alveolar bone fractures). 9 of the 22 teeth treated digitally required endodontic treatment 
(40.9%) while only 1 of the 10 teeth treated orthodontically required endodontic treatment 
(10%). While not statistically significant, teeth with alveolar fractures treated digitally seem to 
require more additional treatment than those treated orthodontically.  
There is a higher risk of PN in teeth that have both luxation and crown fractures 
(with/without pulp exposure) compared to luxation or fractures alone (16). Bucher et al. found 
that teeth with combined injuries had a 1.5 times greater risk of complications than tooth 
fractures alone (21).  
Treatment Delays 
Both Fisher’s Exact test and Cochran-Mantel-Haenszel statistic showed that there is no 
significant relation between treatment delay and initial treatment (p=0.156). The Cochran-
Mantel-Haenszel statistic showed that there is a significant relation between treatment delay and 
endodontic follow up treatment (p=0.001). Subjects that required endodontic follow up treatment 
had a greater delay time (median of 12 hours) than those that did not require endodontic follow 
up treatment (median of 4 hours). While Fisher’s exact test was not significant, digitally 
repositioned teeth that required endodontic follow up treatment had higher treatment delay time 
(12 hours) compared to orthodontically repositioned teeth (4.5 hours).  
A systematic review of mature teeth with lateral luxation found that development of PN 
in mature teeth is influenced by root maturity and delay in treatment (20, 23). It also reports that 





(23). The greater the delay between a traumatic incident and initial dental treatment, the greater 
the risk for complications (23). The Cochran-Mantel-Haenszel statistic showed that there is a 
significant relation between treatment delay and endodontic follow up treatment (p=0.001). 
Subjects that required endodontic follow up treatment had a greater delay time (median of 12 
hours) than those that did not require endodontic follow up treatment.  
Endodontic Diagnosis  
Complications subsequent to luxation injuries include PN, ERR (surface resorption), 
tooth discoloration, marginal bone loss, IRR (infection related), and replacement resorption 
(ankylosis-related resorption). This study shows a 23.8% incidence of PN, 7.9% incidence of 
ERR, 2.4% incidence of IRR, 1.6% incidence of marginal bone loss, 4% incidence of PCO and 
0.8% incidence of replacement resorption. These incidence rates vary from those previously 
reported. A systematic review of luxation injuries on mature teeth found that the most common 
complications was PN (44.2%), followed by ERR (14%), IRR (8.5%), PCO (8.1%) and 
replacement resorption (0.9%) (23). Studies found that 22 % of luxation injuries had 
discoloration, and external resorption ranged from 15-30% (22, 25,26). Hermann et al. found that 
lateral luxation injuries had 6.9% risk of marginal bone loss (22).  
Displacement injuries to teeth and the procedures used to reposition the teeth can cause 
mechanical trauma to the precementum that denudes the root surface, which leads to external 
root resorption as well as disruption of blood vessels that leads to ischemic pulp necrosis (27). 
This pulpal infection will begin in the root canal within 2-3 weeks and will sustain the resorption 
process at the root surface (27,28). Removing the pulpal bacteria from the dentinal tubules will 







It is important to note the differences in study design that may account for these 
disagreements. The study design varied from prospective to prospective longitudinal studies. 
There was a significant difference in sample sizes and population studied. Some studies 
evaluated pediatric patients only while others focused on traumatized teeth in all ages. 
Classification and diagnosis is important because, often times, extrusions can be misdiagnosed 
for lateral luxations. It is also important to note that studies published between the 1980s and 
early 2000s did not follow the same treatment guidelines and the current IADT guidelines were 
not available at that time which may have led to differences in the management of luxation 
injuries.  
There are some limitations to our study. Our study is a retrospective cohort study 
evaluating lateral and extrusive luxation from the year 2000-2018. Our study had a smaller 
sample size for orthodontic repositioning because the technique has only recently been adopted 
in our clinics. A major limitation of retrospective studies using existing clinical records is 
consistency between providers and procedures. Classification and diagnosis were based on what 
was recorded in the chart, which could lead to bias. Photographs and radiographs were used 
when available to diagnose and evaluate root development. However, when these were not 
provided, the information stated in the chart was used which led to some missing data (only 85 of 
the 126 teeth reported delay times or severity measures for trauma). Since severity of trauma is 









1. Luxated teeth treated with orthodontic repositioning appear to require less follow-up 
endodontic treatment than luxated teeth treated with digital or mixed repositioning.  
2. Teeth that required endodontic follow up treatment had significantly higher treatment 
delay time compared to teeth that did not require follow up treatment.  
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